ABSTRACT. High dilutions may have different biological effects due to the dynamization method and the dilution order used. The aim of this paper was to evaluate the foraging activity of the leafcutter ant Acromyrmex laticeps subjected to high dilution preparations originating from grinding worker ants and developing dilutions at the following dynamizations: 6, 12, and 30 CH (centesimal Hahnemannian dilution order), 5 LM (fifty millesimal Hahnemannian dilution order) and 35 K (Korsakovian dilution order). The preparations were applied daily for 10 days by spraying them on moving ants on tracks close to the anthill. The evaluations included counting the number of ants transporting vegetable fragments on the tracks before each application, after application, and 20 and 30 days after the first application. The high dilution preparations for the 6 and 30 CH and 35 K treatments reduced the foraging activity of the leafcutter ant A. laticeps after 10 applications. The 30 CH treatment showed a higher reduction in the foraging activity of A. laticeps anthills. Prolonged reduction of the foraging activity of A. laticeps anthills was observed 20 days after the first application with the 35 K and 30 CH treatments.
Introduction
Leafcutter ants from the Atta and Acromyrmex genera occur naturally are native species of the Americas and offer ecological benefits such as soil restructuring, dormancy interruption and the secondary dispersion of seeds from native species (Holldobler & Wilson, 1990; Della Lucia & Souza, 2011) . However, changes in the natural landscape due to agricultural activities and deforestation have led to an uncontrolled increase in the leafcutter ant populations, which have become potential problems in several agroforestry cultures (Camargo, Forti, Matos, & Andrade, 2004) . The use of toxic baits with long residual effects are the primary management approach to controlling leafcutter ant populations. This method appears to have quick and temporary results, although it increases the risk of environmental contamination (Giesel, Boff, & Boff, 2013) . According to Peternelli, Della Lucia, Peternelli, and Moreira (2009) , areas that had supposedly been eradicated from leafcutter ants with the use of synthetic pesticides, such as formicide baits, have quickly been repopulated, Acta Scientiarum. Agronomy Maringá, v. 39, n. 4, p. 497-503, Oct.-Dec., 2017
requiring new applications and increasing the potential for environmental risks and damage. In several cases, the control operations become unfeasible. The side effects of residual toxic baits include the restriction of useful insects that contribute to the functional dynamics of agroecosystems through the recycling of organic matter, multi-trophic interactions and the biological control of emerging plagues (Boff, Giesel, & Boff, 2016) . Technologies with low environmental impact are wanted by society, which has gained an awareness of the methods used by farming systems to produce food, fibres or bioenergy (Boff, 2008) . Preparations at highly dynamized dilutions have been studied with a promising effect for the management of diseases and plagues on vegetable cultures (Betti, Borghini, & Nani, 2003) . Modolon, Pietrowski, Alves, and Guimarães (2016) found that the application of the homeopathic preparation of Nux vomica at 36 and 38 DH (decimal dilution) on irrigated soil repelled the green belly stink bug (Dichelops melacanthus), preventing it from feeding on corn plants. Almeida, Galvão, Casali, Lima, and Miranda (2003) , reduced the attacks of the fall armyworm (Spodoptera frugiperda) on corn plants with an application of nosode homeopathic preparations of Euchlaena 6 CH and Spodoptera 30 CH. A study conducted by Mapeli (2015) showed that homeopathic solutions deterred feeding by antibiosis via interfering with the biological cycle of Ascia monuste orseis on cabbage (Brassica oleracea). According to Lisboa, Costa, Castro, and Marques (2007) , due to their nonresidual nature, high dilution preparations assure the lack of side effects, and studies focus mainly on the efficiency of such technologies as a contribution to redesigning ecologically sustainable agricultural systems. The preparation methods for high dynamized dilutions are established in the Homeopathic Pharmacopoeia, allowing a variety of dilution scales (Cesar, 2003) . The same author reported that the decimal, centesimal or fifty millesimal Hahnemannian dilution orders show different biological effects; however, they are not directly correlated due to their magnitude. The possibility of combining methods and scales allows for homeopathic adjustment once the nature of the disease/disturbance is determined, making it possible to create the best solution for the studied case (Bonato & Silva, 2003) . The aim of this study was to evaluate the effect of highly dynamized dilution preparations on the foraging activity of the leafcutter ant Acromyrmex laticeps Emery (Hymenoptera: Formicidae).
Material and methods

General conditions of the experiments
The experimental study was conducted in the micro-region of Campos de Lages, Santa Catarina State, Brazil, located at 27.43 "W" and 50.42 "S", with a mean altitude of 910 m. Before initiating the experiment, the anthills were located between March 2012 and March 2013 by locating the transportation of vegetable materials in tracks on the soil and confirming the identity of the species. Anthills were identified as belonging to the Acromyrmex genus by having a single aggregation and a superficial appearance covered with a mixture of straw and soil, and whose ants showed four pair of thorns on their backs when observed with a field magnifier. Samples of 50 individuals from several breeds per anthill were collected and stored in a closed container with 70% alcohol. These samples were taken to the Laboratory of Homeopathy and Vegetable Health of the Experimental Station of the Company for Farming Research and Rural Extension of Santa Catarina (EPAGRI-E E Lages) for the identification of the species. To identify the species, a taxonomic guide based on the systematic keys by Della Lucia and Araújo (1993) and Loeck and Grutzmacher (2001) was used. Sub-samples were sent for species confirmation by a specialist at the Federal University of Santa Maria (UFSM). For this study, only the anthills with Acromyrmex laticeps Emery were considered. The treatments were constituted using high dilution preparations with the following dynamizations: 6, 12, and 30 CH (centesimal Hahnemannian dilution order), 35 K (centesimal Korsakovian dilution order), and 5 LM (fifty millesimal Hahnemannian dilution order). A distilled water treatment and anthills with no intervention were used for comparison. The treatments were grouped into blocks with four replications in 4 independent experiments in different locations separated by time and place in the microregion of the Lages fields. Each anthill represented one experimental unit. The anthills were identified with a unique sequential number, and the active tracks were marked with flags with letters in alphabetic order to identify where the evaluations and the application of the treatments were conducted. The anthills were measured according to their largest and smallest diameters with the help of a topographic measuring tape.
Obtaining the homeopathic preparations
The high dilution preparations were prepared according to the methodology described in the Brazilian Homeopathic Pharmacopeia (Brasil, 1997) biotherapeutic preparations/nosodes using the samples of individuals from the 28 anthills from each experiment. The samples were stored in 100 mL flasks with holes, allowing air to enter to prevent sample death up to the beginning of processing at the Laboratory of Homeopathy and Vegetable Health of Epagri/Lages. To prepare the raw material, the samples were homogenized using a pre-grinding process for one minute. Next, one sub-sample from the pregrinding process at a proportion of 1 (one) per 99 parts of lactose, as indicated by the grinding method, was placed in a mortar, and the grinding process proceeded up to the 3 CH trit dynamization using a lactose medium. After obtaining the 3 CH trit, deconcentration proceeded in a liquid medium with succussion up to the desired potency for the different studied methods: the centesimal Hahnemannian (CH), the fifty millesimal Hahnemannian (LM) and the Korsakovian (K) method. For the LM preparation method, the deconcentration proportion was 1/50,000 from the 3 CH trit.
The preparation method consisted of two phases, one solid and one liquid, where lactose was used for the solid phase, and 96% ethanol was used for the liquid phase. Dilution was followed by succussions as described in the Brazilian Homeopathic Pharmacopeia (Brasil, 1997) . The homeopathic dispersion medium in the LM treatment was micro-globules obtained from lactose according to the methodology described by Fontes (2012) . The high dilution preparations that were generated using the Korsakovian method were first obtained from the high dilution preparation at the 30 CH potency. Next, this flask was capsized, allowing the liquid to run freely for 5 seconds, as established in the Brazilian Homeopathic Pharmacopeia (Brasil, 1997) . After this period, the inert (70%) ethanol raw material was added to the flask, occupying 2/3 of the capacity of the flask, and 100 succussions were conducted, obtaining 31 K and then continuing until reaching 35 K.
Applying the high dynamization preparations on the anthills
The high dilution preparations were applied daily with a manual sprayer, Brudden ® , which had a 500 mL capacity, on the ants moving on the tracks at a predetermined point 50 cm from the entry point of the tracks on the respective pre-selected anthills. Ten spray applications were used at each time, totalling 30 mL of the respective preparation per application on each track. The dispensing/use of the LM was 6 micro-globules from the LM matrix, dissolved in 120 mL of water, and then applied on the tracks of the anthills. The high dynamization preparations were applied daily for 10 days, alternating the application time from a morning period for five days to an afternoon period for the other five days.
Data evaluation and analysis
Before each application of the respective high dilution preparation, the number of moving ants with loads was counted for one minute at the application point of the respective signalized tracks. The activity of the anthill was then estimated from the mean activity of the evaluated tracks. On the twentieth and thirtieth days after the first application, evaluations of the activity were conducted in order to verify the prolonged effect of the treatments. On the ninth day after the first application, foraging values were calculated based on the average of foraging (%) for each treatment, and the averages were compared using Tukey's test at a p-value = 0.05. The statistical analysis was conducted using SAEG ® software.
Results
The A. laticeps anthills occupied an area of 0.59 ± 0.21 m 2 . There was no significant interaction between the treatments and the application frequency on the foraging activity of the anthills (n = 28, r = 0.98 and p > 0.05). The high dilution preparations of 6 CH, 30 CH and 35 K reduced the foraging activity of A. laticeps anthills progressively, with foraging activity decreasing from the first application up to the tenth application in all experiments (Figure 1 ). The 30 CH and 35 K high dilution preparations stood out, consistently reducing the foraging activity of A. laticeps anthills in the 4 evaluated experiments (Figure 1 ). The daily reduction in the rate of foraging activity of A. laticeps anthills indicates that the 6 CH, 30 CH and 35 K treatments show a positive effect on the reduction in the foraging activity of A. laticeps anthills (Figure 1) .
The water, 12 CH and 5 LM treatments did not reduce the daily foraging rate on the A. laticeps anthills in relation to the first day, in any of the experiments conducted (Figure 1 ). The reduction in the foraging rate on the anthills, which cumulatively increased each day, shows that the high dilution preparations of 6 and 30 CH (centesimal Hahnemannian) and 35 (centesimal Korsakovian) considerably reduced the foraging activity of A. laticeps anthills in the evaluated experiments (Table  1) . The treatment effects were observed in the high dilutions at 30 CH from the third day of application in experiment "A" ( Table 1) . The 35 K high dilution preparation had a different effect on the reduction of the foraging activity of A. laticeps anthills compared with the other treatments, with an increasing reduction in the foraging activity rate of A. laticeps mainly seen in experiments A and B (Table 1 ). This reduction in the foraging activity was prolonged up to the last day of application using the ground ant high dilution preparation at 35 K.
No continuous effect was observed regarding the foraging activity of A. laticeps anthills with applications of the ground ant high dilution preparations at 5 LM and 12 CH (Table 1) . At the end of the applications, 9 days after the first application, the 6 CH, 30 CH, and 35 K high dilution preparations significantly reduced the foraging activity of A. laticeps anthills in comparison to the other treatment and in comparison to the anthills without intervention (Table 1) . The prolonged effect of the application of the high dilution preparations on the mean reduction in the rate of the foraging activity of A. laticeps anthills is shown in Table 2 . The prolonged effects on the reduction in the foraging activity of A. laticeps anthills in comparison with the first day of application were observed at ten days after the last application of ground ant high dilution preparation at 30 CH. A significant reduction in the mean of the foraging activity (65.2%) was observed in the 4 evaluated experiments for the 30 CH treatment (Table 2 ). This treatment was followed by the 6 CH treatment, which showeda prolonged reduction in the mean activity rate of A. laticeps anthills across the evaluated experiments (34.8%) ( Table 2 ). The 5 LM and 35 K treatments showed reductions (2.6 and 2.4%, respectively) in the mean rate of the foraging activity of A. laticeps anthills compared to the first day ( Table  2 ). The 12 CH treatment did not show a prolonged reduction in the mean foraging activity of A. laticeps anthills (Table 2 ). In evaluating the prolonged effect of the treatments twenty days after the last application, the 30 CH treatment was the treatment that showed the highest prolonged effect on the reduction in the mean rate of the foraging activity of A. laticeps anthills across the evaluated experiments (36.2%) ( Table 2 ). The 6 and 12 CH, 5 LM and 35K treatments did not show prolonged reduction the mean foraging activity of A. laticeps anthills at twenty days following the last application (Table 2) . Therefore, the best treatment for reducing the foraging activity of A. laticeps anthills was the ground ant high dilution preparation at 30 CH, since it maintained its effects 20 days after the last application in all evaluated experiments compared to the other treatments and to the anthills without intervention ( 
Discussion
The results of this study confirm that each high dilution preparation, according to their respective dynamization and obtainment methodology, had different dynamic effects on the activity of A. laticeps leafcutter ants. The preparation methodology of the centesimal Hahnemannian high dilution, 30 CH, among the evaluated preparations, was the most efficient in suppressing the foraging activity of A. laticeps anthills. This finding corroborates the work by Giesel et al. (2012; 2013) , who reported that dynamized high dilution preparations, when used to reductione foraging by A. sexdens piriventris and Acromyrmex spp. leafcutter ants, has a greater effect when the preparation method utilizes the grinding of the raw material to produce biotherapeutic preparations at high dilutions. According to the same authors, the homeopathic preparation that best reduced the foraging activity of leafcutter ants from both studied species was the ant grinding preparation at 30 CH. According to Almeida et al. (2003) , the high dilution preparation made with fall armyworm (Spodoptera frugiperda) at the 30 CH dynamization and applied on corn plants significantly reduced the attack preference of the fall armyworm on the treated plants. Pulido, Boff, Duarte, and Boff (2014) , observed an increase in the dry matter of cabbage (Brassica oleracea), due to the application of a Silicea terra high dilution preparation at 30 CH. Therefore, the potency of 30 CH represents the best choice in relation to the other preparations, when there is a need to rebalance an environment that shows any biological disturbances. The Korsakovian method at the 35 K potency was efficient in suppressing the foraging activity of A. laticeps anthills. Its suppressive action on the foraging activity of A. laticeps anthills occurred at the 5 th day of application and remained consistent up to the last day of application; it also showed prolonged activity twenty days after the last application. Also known as the single-flask method, the Korsakovian method, while not common, would be adopted easier by technicians and farmers due to the simplicity of the methodology used for the preparation and use of a single flask, while regarding the use of high dilution preparations in possible disturbances that may affect several cultures (Fontes, 2012; Brasil, 1997) . The dynamization used for the LM (5) methodology was inefficient for the suppression of the foraging activity of A. laticeps anthills. According to Adler et al. (2010) , the most common dynamization of the LM homeopathic preparations in humans occurs at the 8 th LM dilution order. According to the same authors, the preparation must be administered within 15 days for more acute cases, with daily or greater spaced doses up to 8 weeks. Therefore, we believe that this methodology must be further examined in future studies for the management of leafcutter ants, in the search to increase the number of application days and the variation in the use of potencies since the evaluation and application time of the ground ant high dilution preparation at 5 LM was possibly not enough to observe its effects on the foraging activity of A. laticeps. The results of our study provide evidence that the use of homeopathic preparations is a viable method that may reduce the damage caused by leafcutter ants in agriculture. The prolonged action on the reduction of the foraging activity of leafcutter ants through the application of high dilution preparations would allow the development of a certain culture without the risk of losses due to an attack by leafcutter ants. Suppression of the foraging activity would allow the coexistence of leafcutter ants and agricultural systems, thus respecting the agro-ecological principles of sustainability. According to Rossi, Melo, Ambrosano, Guirado, and Schammass (2006) , homeopathic preparations have a broad potential to promote the return of environmental balance, allowing the production of food in a more balanced manner. It is important to note that the reduction in the foraging activity did not cause the elimination of the individuals nor of the studied anthills, thus allowing the reestablishment of the biological balance of the agroecosystem. Therefore, high dilution preparations should be integrated into the current ecological management practices due to the minimal amounts of raw material necessary to produce these preparations and the generation of less environmental residues (Carvalho et al., 2005) .
Conclusion
From this study, the following can be concluded: The centesimal Hahnemannian (CH) and Korsakovian (K) methods are effective in reducing the foraging activity of A. laticeps anthills.
The homeopathic potency 30 CH has high suppression effects on the foraging activity of A. laticeps anthills. The high dilution preparations at 30 CH show a prolonged effect on reducing the foraging activity of A. laticeps anthills at 20 days.
The high dilution preparations at 12 CH and 5 LM are not effective in reducing the foraging activity of A. laticeps anthills in the short term. 
